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Abstract 

Over the last twenty years, it was assumed that the reaction it~p — * a[J(980)n — > 7r°?7n 
at high energies is dominated by the 61 Regge pole exchange. We show that the new 
Brookhaven and Serpukhov data on the t distributions for this reaction can be explained 
within the framework of the Regge pole model only if the p 2 Regge pole exchange con- 
spiring with its daughter plays a crucial role. The tentative estimates of the absolute 
n~p — > 0^(980)11 — > 7i°i]n reaction cross section are obtained. The contributions of the 
one-pion exchange mechanism and the Regge cuts are also estimated. 

1. In the gg-model (q is a light quark), every rotational excitation with the orbital 
angular moment L consists of four nonent: states 2S+1 Lj = 3 L L _i, 3 L L , and 3 L L+ i with 
charge-parity C = (— and state l Li with C = (— 1) L . But, so far there is a white 
spot in the lower-lying family with L = 2 [1]. The nonstrange members of the 3 D 2 nonet 
with quantum numbers I G (J PC ) = l + (2 ) and 0~(2 ), i.e. the p 2 , u> 2 , and 4> 2 mesons 
(the masses of which are expected near 1.7 and 1.9 GeV [2,3]), are not yet identified 
as peaks in corresponding multibody mass spectra [1]. However, the mass distributions 
are not unique keepers of information on the resonances. The resonance spectrum is 
also reflected in the Regge behavior of the reaction cross sections at high energies. At 
present detailed investigations of the reaction n~p — > aQ(980)n at Pf ab = 18 and 38 
GeV/c are carried out, respectively, at Brookhaven [4] and Serpukhov [5]. This reaction 
involves only unnatural parity exchanges in the t-channel. This fact is exclusive. Just it 
permits us to conclude that the observed forward peak in the differential cross section of 
n~p — ► <2Q(980)n is dominated by the Regge pole with quantum numbers of the "lost" p 2 
meson [6]. 

2. The s-channel helicity amplitudes for the reaction Tt~(qi)p(pi) — > a[|(980, q 2 )n{p 2 ) 
can be written as 

M XnXp = u Xn (p 2 ) l5 [-A - Y(qi + g 2 ) M £/2K>i) , (l) 

where A p (= +, — ) and A n (= +, — ) are the proton and neutron helicities, A and B are 
the invariant amplitudes depending on s = (pi + q\) 2 and t = (q\ — q 2 ) 2 and free from 

kinematical singularities. In the cm. system, da/dt — (|M ++ | 2 + |M_] | 2 )/647rs|gi| 2 and, 

at fixed t < —1 GeV 2 and s ^> m 2 N , the helicity amplitudes have the form [6] 

M ++ ^-sB, M + _ « Vtmm- t A . (2) 

As it is well known, the t-channel helicity amplitudes with definite parity and free from 
kinematical singularities are most suitable for Reggeization [7] . These amplitudes for the 
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reaction ir a{j — > pn have the form 

C++ = tA + m N {m 2 ao -ml)B , G+_ = £ . (3) 

In the Regge region, G ++ and G+_ behave like s a and s a_1 [6]. It is easy to show that the 
amplitude G ++ has to contain the Regge pole exchange with I — 1, G — +1, signature 
t = — 1, and"naturality" tP — — 1. The high-lying Regge trajectory with such quantum 
numbers is the b\ trajectory (the well-known &!(i235) meson is its lower- lying representa- 
tive). The second independent amplitude G + _ has to contain the Regge pole exchanges 
with I — 1, G — +1, t — +1, and rP = — 1 and here the p 2 Regge trajectory is a leading 
one. In the physical region of the s-channel, the b\ and p 2 Regge pole contributions can be 
written as = /3 6l (i)(s/s ) OIkl( * ) ie" i ' ra6 i (t)/2 and G p ^_ = (3 P2 (t)(s/ ' So ^ P2 (t)-i e -ina P2 (t)/2 ? 
where f3(t), a(t), and complex factors are residues, trajectories, and signature factors of 
the corresponding Regge poles, and s = 1 GeV 2 . As it is now evident from Eqs. (2) and 
(3), the leading contributions to the s-channel helicity amplitudes M ++ and M + _ at high 
energies are caused by the p 2 and b\ Regge exchanges, respectively. 

Expressing the invariant amplitudes A and B in terms of G ++ and G+_ , 

A = [G ++ - m N (m 2 ao - m=)G+_]/t , B = G+_ , (4) 

we find the 1/t singular behavior for the invariant amplitude A. To avoid this singularity, 
one has to impose a further constraint equation between the t-channel helicity amplitudes, 
namely: at t — 0, G ++ = m N (m 2 aQ — m 2 )G + _. It is of interest to satisfy the analyticity of 
A at t = assuming the different Regge pole models. 

If we have the b\ and p 2 exchanges only and assume that the amplitudes C++ and 
£r+_ do not vanish as t — > 0, we obtain two relations, 0:^(0) = ct P2 (0) — 1, and ^(O) = 
171 n ( m a — ^2(0)) ^ ne fi rs ^ °f which is rather silly because, at the usual values of 
a&i(0) ~ —(0.05 0.3), it requires a P2 (0) w 0.95 0.7. For the p 2 trajectory heaving 
unnatural parity, this is evidently ruled out. Of course, in order for the amplitude A to 
be regular for t — > 0, one can accept that the amplitudes C++ and G+_ are separately 
proportional to t. But, in this case, a dip in da/dt in the forward direction is predicted 
by Eqs. (2) and (3). On the contrary, the Brookhaven and Serpukhov experiments [4,5] 
show a clear forward peak. This means that the amplitude M ++ with quantum num- 
bers of the p 2 exchange does not vanish as t — > 0. In the framework of the Regge pole 
model, this can be attended only in the case of a conspiracy of the p 2 Regge trajectory 
with its daughter one (d), which has to have quantum numbers of the b\ exchange. Let 
us write down the contribution of such a daughter trajectory near t — in the form 
G d ++ = l3 d (t)(s/s ) ad(t ke- i7Tad(t)/2 . Then, the amplitude A should be regular at t = if 
the following relations for the p 2 , d, and b\ exchanges are valid: 0^(0) = o: P2 (0) — 1, 
/?d(0) = m^{m 2 — m 2 r )P P2 (0), fl P2 (0) 7^ 0, and /^(t) ~ t. Thereby the amplitude 
M ++ dominated by the p 2 exchange dos not vanish as t — > and can lead to the ob- 
served forward peak. Note that asymptotically (at large s) the daughter contribution 
and nonasymptotic contribution of the p 2 trajectory (which behave as ~ s a P2~ 1 ) to the 
amplitude A and consequently to the amplitude M + _ can all be neglected. 

Thus, in the model with the b\ and conspiring p 2 Regge poles, the data on the t 
distributions at fixed s can be fitted to the form 

dN/dt = + (t min - t) C 2 e A2t , (5) 
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where the first term corresponds to the contribution of the amplitude M ++ with the con- 
spiring p 2 exchange and the second term corresponds to the contribution of the amplitude 

M H with the b\ exchange. The Brookhaven data for —t m i n < — t < 0.6 GeV 2 [4] are 

fitted by Eq. (5) equally well both with and without the b\ exchange. The fit with C 2 = 
in Eq. (5) gives d = 129 events/GeV 2 , Ai = 4.7 GeV -2 , and x 2 /n.d.f.« 15.9/22. It 
is shown in Fig. 1 by the solid curve. The fit to these data to the full form in Eq. (5) 
gives d = 131 events/GeV 2 , A : = 7.6 GeV" 2 , C 2 = 340 events/GeV 4 , A 2 = 5.8 GeV -2 , 
and x 2 / n -d.f.~ 15.9/20. The corresponding curve is practically the same as the solid one 
in Fig. 1. The dashed and dotted curves in Fig. 1 show the p 2 and bi contributions 
separately. The latter yields approximately 34% of the integrated cross section. 

In order to have an idea of the absolute value of the ir~p — > a{j(980)n — > -K°r]n cross 
section, it has been estimated by us in Ref. [6] at P[ ab = 18 GeV/c using the available 
data on the reaction 7i~p — > ^(1320)11 and the Brookhaven data [4] on the 7T°i] mass 
spectrum in 7i~p — > 7r i]n. Our tentative estimate is: a{-K^p — > a[j(980)n — > n°rin) ps 200 
nb and [da/dt^'p -> a°(980)n -> 7rV0]t«o ~ 940 nb/GeV 2 . Note that (6 - 15)% of the 
integrated cross section can be caused by the one-pion exchange mechanism which arises 
owing to the /o(980) — a[j(980) mixing violating isotopic invariance [6]. Also the a 2 7r, pbi, 
ouai, ppP, and a 2 a 2 P Regge cut contributions (where P is the Pomeron) to the amplitude 
M ++ have been estimated in Ref. [6] and the conclusion has been made that they are 
small. 

Note that the early estimate of the a (980) production [8] assumed the b\ exchange 
dominance and consequently a dip in da/dt in the forward direction. 

3. Let us note two practical experimental problems, i) It is important to determine 
rather accurately the parameters of the simplest Regge pole model. To do so it is needed 
the good data on dajdt{^~p — > aQ(980)n) at several appreciably different energies. First 
of all, we have in mind the energies of the n~ beams at Serpukhov, Brookhaven, and 
KEK. ii) It would be very interesting to find some signs of the p 2 state and its daughter 
state having the b\ meson quantum numbers, for example, in the aovr, un, and A 2 n mass 
spectra around 1.7 GeV. 
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Figure caption 

Fig. 1. The t distribution for the reaction n~p — > aQ(980)n — > 7T i]n — > 4 / ~fn at 18 GeV/c 
measured at Brookhaven [4]. The fits are described in the text. 
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